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The rules governing the use of metallic mercury, a toxic and hazardous chemical, is in most
jurisdictions identical to widely accepted standards and practices for handling the same
chemical in industry for the protection of humans and their work environment. There cannot
be exceptions solely for the practitioner dentists and their patients. Any workplace must be
safe for both workers and visitors. The latter being dental patients waiting in the dentist's
work environment. We reviewed the literature for toxic health effects of elemental mercury
upon humans and present information about the Minimata Convention convened by the
United Nations Environment Programme. A study conducted among dentists in Singapore and
their personal work environment almost 30 years ago contributed to the workplace standard
for elemental mercury, which was reduced, and is still currently enforced as a global standard.
We recommend that dentists, with a large alternative battery of restorative materials today,
make selection of a restorative material a more seriously considered choice, and not to make
use of amalgam without the proper use of personal protective equipment for themselves
(members of the dental operating team) and their patients, (amalgam traps and judicious
monitoring of their workplace air quality). Mercury is ubiquitous in our presence due to
human activities; any reduction in the dentists' workplace contributes to a global reduction.
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Mercury is ubiquitous. Mercury occurs naturally in the envir-
onment and exists in several forms [1]. Elemental mercury is
used in many industrial processes and manufactured pro-
ducts, including but not limited to, manufacture of soaps,
detergents, and ﬂuorescent bulbs, in production of sulphuric
acid, in gold mining, in batteries and so on. All forms of
mercury, namely, metallic or elemental forms as used in
dentistry for the manufacture of dental silver amalgam
during restorative dentistry; organic forms as existing in ﬁsh,
pesticides and other bonded-chemicals and inorganic mer-
cury, at times mercuric oxide used as the red coating for
traditional herbal remedies, are present in our human envir-
onment through usage. Consequently mercury is present in
our human environment from manufacturing to waste dis-
posal and ﬁnally as waste in our midst. This mercury could be
in the air we breathe, in the food we consume, also in
antiseptics or antifungals we come in contact with daily as
hand wash, or in vaccinations as the preservative Thiormer-
sals [2] found in vaccines.
In the 1980s, the ﬁrst author conducted a study of the
neurobehavioral effects of mercury of 98 actively-practising
Singapore dentist volunteers, dentists who were occupation-
ally exposed to elemental mercury [3]. As the range of dental
materials was then limited, some of these dentists used
mercury and amalgam almost exclusively as the only restora-
tive material for all posterior teeth in their practices, where
aesthetics was not a prominent patient consideration. Note
also that patients in those days were not as demanding with
regards to anaesthetics as they might be today. Although the
“controls” were also investigated, their mercury data remain
unpublished as part of a doctoral thesis within the National
University of Singapore Medical Library archive.2. Human exposure to different forms of
mercury
This hygiene fact from the US Department of Health and
Human Services, Public Health Service, Agency for Toxic
Substances and Disease Registry is well acknowledged
“A person can be exposed to mercury from breathing in contami-
nated air, from swallowing or eating contaminated water or food,
or from having skin contact with mercury. Not all forms of mercury
enter your body easily, even if they come in contact with it; so it is
important to know which form of mercury you have been exposed to,
and by which route (air, food, or skin). When you swallow small
amounts of metallic mercury, virtually none (less than 0.01%) of the
mercury will enter your body through the stomach or intestines,
unless they are diseased. …When you breathe in mercury vapours,
(from elemental mercury), however, most (about 80%) of the
mercury enters your bloodstream directly from your lungs, and thenrapidly goes to other parts of your body, including the brain and
kidneys. Once in your body, metallic mercury can stay for weeks or
months. When metallic mercury enters the brain, it is readily
converted to an inorganic form and is “trapped” in the brain for a
long time. Metallic mercury in the blood of a pregnant woman can
enter her developing child [1]”.
Mercury crosses the placental barrier easily to affect the
developing foetus. What effects this may have is however
only reﬂected in the case study reports. However research
conducted by the author showed neurobehavioral changes in
test subjects even when they were exposed to very low levels
of mercury, levels below that established for applications in
industry and dentistry. In that study we examined 96 24–49
year-old dentists and compared them to 56 control subjects.
The results however, apply only to adults [4].
In a case report of an accident involving four adults in
1983, including a pregnant woman and her new-born infant,
Lien et al. reported that although the baby was born without
reportable abnormalities within 26 days of the accidental
exposure to mercury vapour, the baby had blood levels of
mercury that were comparable to the mother indicating
direct and free transfer of the metal across the placental
barrier [5]. This study adds to the evidence that breathing in
mercury vapour crosses the placental barrier and mercury
crosses into the foetus when mother is exposed to mercury
vapour. Likewise, mercury crosses the blood brain barrier
easily to affect the developing foetus. What effects this may
have, have not been fully elucidated. However, since in the
research conducted on adults, even very low levels of expo-
sure, levels below that established as safe by authorities, led
to neurobehavioral changes in adults, the question of how
much mercury is acceptable in air in the operatory as we use
amalgam is raised.
Hygiene considerations for mercury used in dentistry for
the manufacturing of dental amalgam, comprising 50%
metallic mercury, must have no exceptions from similar
industrial applications in terms of health and safety regula-
tions. Mercury used is identical for both dentistry and chlor-
alkaline industry, or in the industry manufacturing ﬂuores-
cent tubes or mercury-fumed street lighting bulbs, commonly
seen along roads and highways. It is certain that mercury has
extensive applications for products that result in human
beneﬁts. Along with this, humans are also exposed to the
well documented toxic effects, similar as the mercury leach-
ing from the dental amalgam ﬁllings in our oral cavities and
also a constant source of dentist's work environmental
pollution wherever mercury is stored and used.
Dufault et al. [6] reported that many food products are now
made using such mercury-cell chlor-alkaline industry appli-
cations. They concluded that with respect to total mercury
exposure in children and sensitive population, consumption
of high fructose corn syrup also had insidious mercury
ranging from 0.005 to 0.670 μg mercury/g of sweetener.
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mately 50 g/person in the US in 2009.3. What are the toxic effects of elemental
mercury that require attention?
The US's Centre for Disease Control, published this review in
1999 and updated that in 2006, stating
“The nervous system is very sensitive to mercury … Permanent
damage to the brain has also been shown to occur from exposure
to sufﬁciently high levels of metallic mercury. … Metallic
mercury vapours or organic mercury may affect many different
areas of the brain and their associated functions, resulting in a
variety of symptoms. These include personality changes irrit-
ability, shyness, nervousness), tremors, changes in vision (constric-
tion (or narrowing) of the visual ﬁeld), deafness, muscle
incoordination, loss of sensation, and difﬁculties with memory [1]”.
Similarly, in the same review [1] based upon occupational
exposure of elemental mercury at higher concentrations,
as in the chlor-alkali industry, where chlorine and alkali are
products from the electrolysis of seawater using pans of
elemental mercury as the electrode, the toxic effects were
stated as
“Short-term exposure (hours) to high levels of metallic mercury
vapour in the air can damage the lining of the mouth and irritate
the lungs and airways, causing tightness of the breath,
a burning sensation in the lungs, and coughing. Other effects from
exposure to mercury vapour include nausea, vomiting, diarrhoea,
increases in blood pressure or heart rate, skin rashes, and eye
irritation. Damage to the lining of the mouth and lungs can also
occur from exposure to lower levels of mercury vapour over longer
periods (for example, in some occupations where workers were
exposed to mercury for many years). Levels of metallic mercury in
workplace air are generally much greater than the levels normally
encountered by the general population. Current levels of mercury in
workplace air are low, due to increased awareness of mercury's
toxic effects. Because of the reduction in the allowable amount of
mercury in workplace air, fewer workers are expected to have
symptoms of mercury toxicity”.
The conﬁrmation of toxic effects relies upon animal
studies, and not solely upon observations in humans,
“To protect the public from the harmful effects of toxic
chemicals and to ﬁnd ways to treat people who have been
harmed, scientists use many tests. One way to see if a
chemical will hurt people is to learn how the chemical is
absorbed, used, and released by the body; for some
chemicals, animal testing may be necessary” [7].
There is now sufﬁcient data in global occupational safety
databases to support this fact: mercury is highly toxic to
humans, yet a controversy exists.
The US FDA webpage at the time of writing this article
(2013) offered consumers the following hygiene advice:
“FDA has reviewed the best available scientiﬁc evidence to
determine whether the low levels of mercury vapour associatedwith dental amalgam ﬁllings are a cause for concern. Based on
this evidence, FDA considers dental amalgam ﬁllings safe for
adults and children ages 6 and above. The amount of mercury
measured in the bodies of people with dental amalgam ﬁllings is
well below levels associated with adverse health effects. Even in
adults and children ages 6 and above who have ﬁfteen or more
amalgam surfaces, mercury exposure due to dental amalgam
ﬁllings has been found to be far below the lowest levels
associated with harm. Clinical studies in adults and children
ages 6 and above have also found no link between dental
amalgam ﬁllings and health problems [8]”.
From the above, we see that amalgam restorations are
deemed to be safe, by the FDA, in children 6 years old and
above. However, there have been reports that eating and
chewing releases mercury from ﬁllings [9,10].
It seems contradictory therefore that there should be
regulations enacted for chronic inhalation exposure of mer-
cury as enforced by the US Environmental Protection Agency
(EPA) [11], when another US government agency the FDA
deems it safe for amalgam to be used in ﬁllings. While this
political debate rages on globally, the authors here are of the
view that mercury, whether used in dentistry or industry,
is still mercury. Safe hygienic principles are required whenever
the dentist's personal choice is to use dental amalgam as his
restorative material. There cannot be any exceptions from
industrial practice for the practising dentist for safe handling
of mercury. A comprehensive review of the effect of mercury
on humans and animals has been published in the Journal
of the Federation of American Societies for Experimental
Biology (FASEB) 1995 and the article is available free online
at http://www.ncbi.nlm.nih.gov/pubmed/7737458. The effects
of mercury on the immune system, kidney glomerular physiol
ogy, intestinal bacteria of both humans and animals, amongst
others, are discussed.4. Global conventions, regulations and the
dental operatory environment
A vast and substantial data had been presented to any
interested reader for the safe handling of this toxic chemical:
elemental mercury, because use of mercury is as old as
antiquity. In the following section, we elaborate the rationale
for the growing database of pharmacokinetics and pharma-
codynamics attributes linked to mercury's safety and along
with this the regulations to ensure the safety, health, rights
and well-being of all workers, including the practitioner-
dentist, and their patients. The patients may be told to be
exposed to a lesser degree in the toxic environment of the
dentist's operatory, but the rationale of public health admin-
istration based upon the scientiﬁc principles from hygiene,
is that patient has a right to know of their environment, be
this work environment or just for the visit to their dentist.
In addition, the patients are duly required to be fully
informed under clinical practice ethics as under clinical
research situations, of what may happen to mercury that
was implanted as dental amalgam restorations in their
dentition – permanent or deciduous.
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be environmentally assayed for presence of safe levels of
elemental mercury vapour on a daily or periodic basis when-
ever mercury is present in the clinic. We, as humans, have a
right to know and to be duly informed of our environment –
work or recreational or homes and places we visit from time
to time, including a shopping centre. In a Singapore law, this
is within the scope and ambit of our Workplace Safety and
Health Act 2006, revised Chapter 354A in 2009. However, the
safety of placement of mercury within the dental amalgam
(device) for restorative purposes is not in this legislation,
but is regulated separately as detailed above by the US FDA,
as a Class II medical device.
The environment of the dental clinic in the US is governed
by the Occupational Safety and Health Administration
(OSHA), which published a pamphlet about standards for
dealing with mercury in the work environment [12]. The
Singapore legislations, as revised Chapter 354A, were enacted
after much consultation with the OSHA regulations. In this
aspect, one will note the emphasis on air quality and methods
of mopping up mercury spills. The current OSHA permissible
exposure limit (PEL) for mercury vapour is 0.1 mg/m3 of air as a
ceiling limit. A worker's exposure to mercury vapour shall at no
time exceed this ceiling level. From the perspective of hygiene,
another index for assessing human exposure based upon perso-
nal dosimetry is preferred and more realistic, namely that of
inhaled mercury toxicity. This is because the ceiling PEL may not
be at all reﬂective of the practising dentist's real-time exposure.
The preferred standard for safety is the EPA's “Reference
concentration for Chronic inhalation exposure” [10] index com-
puted by personal dosimetry breathing zone studies.
Similar in design to the ﬁrst author's dosimetry study of
1992, a more recent dosimetry study of 180 dentists, Ritchie
et al. [13], reported that dentists were found to have on
average urinary mercury levels four times that of control
subjects, dentists were signiﬁcantly more likely to have
suffered from kidney disorders and that dentists were
advised to put greater emphasis on the safe handling of
dental amalgam within their practice environment by peri-
odic hygiene surveillance using personal dosimetry monitor-
ing. He further commented, 122 (67.8%) of the 180 surgeries
visited had environmental mercury measurements in one or
more areas above the Occupational Exposure Standard (OES)
set by the Health and Safety Executive of UK. In the majority
of these surgeries the high levels of mercury were found at
the skirting and around the base of the dental chair. In 45
surgeries (25%) the personal dosimeter measurement (i.e. in
the breathing zone of dental staff) was above the OES. Note
the UK's OES is the same concentration as the EPA's Refer-
ence Concentration for Chronic Inhalation Exposure (RfC),
at 25 μg/m3 air for 8 h a day, 40 h per week; this occupational
hygiene standard for “lowest-observed-adverse-effect level”
(LOAEL: 0.025 mg/m3 air) was derived from several studies,
one of which was by the ﬁrst author [3]. Note that the EPA's
IRIS for the RfC stated “no-observed-adverse-effect level”
(NOAEL) as “None” [8]. This means that mercury is very toxic
at any concentration, even at the minimum lowest as yet
undetermined because of limitation of our diagnostic tools.
Mercury hygiene practice in dentistry should be similar to
that in industry and should have the same regulations asthey are about prevention of the same thing – mercury
poisoning and long term health effects of mercury exposure
amongst workers. To this end we should all realise that the
United Nations Environment programme has a Global Mer-
cury Partnership, the aims of which include promoting the
development of national inventories of mercury uses and
releases; developing strategies for enhanced outreach and
risk communication activities to reach at-risk populations,
including sensitive populations; increasing public awareness
and promotion of mercury-free products, technologies and
processes, using and/or with environmentally friendly alter-
natives; promoting application and sharing of information on
best available techniques and measures to reduce mercury
emissions from point sources, among others [14]. In another
United Nations convention, namely the Minamata Conven-
tion of 2013, it was speciﬁcally agreed that
“Certain kinds of non-electronic medical devices such as
thermometers and blood pressure devices are also
included for phase-out by 2020. Governments approved
exceptions for some large measuring devices where
currently there are no mercury-free alternatives. Vaccines
where mercury is used as a preservative have been
excluded from the treaty as have products used in reli-
gious or traditional activities. Delegates agreed to a phase-
down of the use of dental ﬁllings using mercury amalgam”.
Independently, the European Union, the US and Japan have
all declared bans on export of mercury since about 2008 [15].
What do all these activities mean to practising dentists in
Singapore? It is quite obvious that over next decades it would
be more difﬁcult to obtain mercury and hence as a profession
we need to work at being good at using alternative restorative
products and remain as successful as before in restoring
teeth. The United Nations Environment Programme (UNEP)
has published a pamphlet on “Mercury Use in Healthcare
Settings and Dentistry” and is available online as a down-
loadable portable document ﬁle [16].
In that document, dentists, including their clinic operatory
support staff, will learn how to store mercury and how to
mop up spills of mercury. It also advises removal of amalgam
ﬁllings in chunks rather than grinding it down completely,
use of ﬁner mesh to trap amalgam waste (100 rather than 40
units for sieve traps) which were endorsed for ISO 14011
Environmental Management audit procedures, namely, use
amalgam traps that are certiﬁed ISO 11143. For a detailed
description and management of dental amalgam wastes,
some countries have legislations that waste water emitted
from any dental clinic be subjected to audits for compliance,
and cannot exceed 100–2000 ppm of mercury in waste water
[17].
The UNEP also stated – not to place or remove amalgam
ﬁllings in pregnant ladies. It further stressed,
“Treat extracted teeth with amalgam ﬁllings as amalgam waste.
Waste amalgam should be kept sealed in plastic containers.
Waste amalgam may be disposed by licenced waste disposal
companies who will recycle mercury and other metals”.
Similarly, the American Dental Association has published a
2007 pamphlet on the “Best Management Practices for Amalgam
S i n g a p o r e D e n t a l J o u r n a l 3 4 ( 2 0 1 3 ) 1 9 – 2 4 23Waste” and this is available online as a downloadable por-
table document ﬁle [18].5. Safe removal of dental amalgam
restorations
The measurable level of mercury in blood and plasma is
correlated with the number of surfaces of ﬁllings that are of
amalgam in the oral cavity. Higher number of ﬁllings of
amalgam is correlated with a higher blood and plasma levels
of mercury. Upon removal, within 3–48 h, there was a rise in
the level of mercury in blood and plasma. Thereafter, there
was a decline [19]. It is therefore important to follow a strict
protocol to reduce patient exposure to mercury during
removal. It had been recommended that hair covers, body
drape, eye protection and rubber dam together with a high
vacuum suction be used during amalgam removal [20]. Water
coolant is important during removal as more mercury vapour
is released from amalgams when the temperature increases.
It may be important for signage be displayed so that
everyone, workers and visitors are cautioned about the
presence, from storing, using and disposing, of elemental
mercury in the workplace, namely the dental clinic.6. Dentist's choice in use of dental amalgam
and informed consent documentation from
patients as a good practice procedure
Despite the advantages that bonding seems to provide,
various studies comparing longevity of ﬁllings of amalgam
and composites have shown that amalgam is the more
tolerant material and despite poor technique, such as poor
moisture control during placement, is as lasting as composite
restorations. Roulet [21] reported that amalgam shows excel-
lent longevity data with studies up to 20 years; the average
annual failure rate was 0.3–6.9%. Posterior composites were
in the same range (0.5–6.6%); however, the study times were
much shorter (max. 10 years). However, it was pointed out
that composite restorations took longer to place. A more
recent study comparing amalgams versus composites in
posterior teeth showed that amalgam restorations lasted
statistically signiﬁcantly longer [22]. When composites failed,
they deteriorated rapidly. It is no wonder therefore that
dental schools continue to teach and practitioners continue
to choose the use of amalgam restorations.
Despite its advantages, informed consent is required in
some jurisdictions (by regulations) during placement of
dental amalgams, much similar to the clinical research
environment. In Europe, the federal governments of Norway,
Finland, Denmark, and Sweden have enacted legislation requir-
ing that dental patients receive due process of documentation
with regards to adequate informed consent information pro-
vided prior to their decision for receiving the type of dental
restorative material that will be used and implanted. This is prior
to the actual amalgam placement by the dentist. In the US, a few
state governments have enacted similar informed consent
legislation for dental patients receiving dental restorations.
These state legislations were enacted by Maine, California,Connecticut, and Vermont. There is a similar need for informed
consent procedure for dentists who use mercury amalgam
restorative material as well as technical considerations in such
information during removal of dental amalgam restorations [23].
While such regulations does not apply in Singapore and we
have not yet enacted these regulations, it is in the prudent
opinion of the author that we take and document full informed
consent for using any restorative material. Informed consent
here means giving a patient adequate information concerning
the materials, providing adequate opportunity for the subject to
consider all options, responding to the subject's questions,
ensuring that the subject has comprehended this information,
obtaining the subject's voluntary agreement to choose a mate-
rial and continuing to provide information as the subject or
situation requires. Patients should also be informed that
bleaching teeth with amalgam restorations risks increasing
the release of mercury vapour from amalgams [24]. Note that
composites are not free of hazards. Composites leach oestro-
genic monomers into the environment in concentrations at
which biologic effects have been demonstrated in in vivo
experimental models [25].
The US's Centres for Disease Control and Prevention
published a free booklet “NIOSH Pocket Guide to Chemical
hazards” from the US' National Institute for Occupational
Safety and Health (NIOSH) which is applicable to the constant
surveillance of the workplace for any air-borne mercury
levels for alerting the inhabitants of the clinic to dangerous
levels and what preventive steps to be taken to control and
avoid such hazardous situations. Note that the dental clinic
could be located within a shopping centre or in the hospital
with lots of humans potentially being exposed. The CDC has
evidence to label elemental mercury inhalation as “Lung
Damaging Agent”.
In this booklet and the Emergency Response Card [26,27]
data, the dental practitioner using dental amalgam is advised
to read about measurement and monitoring methods, as in
personal dosimeter for the operator and the dental chairside
assistants. There are now rapid reading assays to gather such
data. Next, the type of personal protective equipment, ran-
ging from respirators and facemasks with ﬁlters, some
reusable and others single use types, are also listed. This
Emergency Response Card contains the different types of PPE
to be used for the various alert levels. It is advisable for all
practising dentists using mercury as restorative material,
to read and train their staff for workplace hygiene main-
tenance on a weekly basis.
The FDA has provided guidance that amalgams should be
used in adults and children 6 years of age and above. Mercury
is highly toxic. Its immediate effect from inhalation is as
appropriately named “Lung Damaging Agent”. When mercury
is allowed to enter the dental clinic, the chances of such
exposure is ever present. The only way to prevent such
occurrence is to eliminate the use of such materials for
restorative dentistry applications. Amalgam has been used
as ﬁllings for about 150 years and has served dentistry well.
As mercury is ubiquitous in the environment it will always be
measurable in blood and urine. Though a number of patients
have reported hypersensitivity to amalgams, the large majority
of patients with amalgam ﬁllings have not, albeit neurobeha-
vioral deﬁcits may affect those chronically exposed to mercury,
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should have the safety of their team members and patients in
mind and should conduct audits with respect to amalgam
hygiene and make the choice to be safe.Acknowledgement
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